) .
Introduction
The importance of the adjusted retention time (t R ) for interlaboratory comparison of gas chromatographic (GC) data and for the determination of physico-chemical properties of the solute has been described by many authors (1) (2) (3) . This implies that the determination of the hold-up time (dead time, t M ) and the raw retention time t R must be accurate. Retention time can be read directly from the chromatogram, whereas the determination of dead time is still subjected to many controversial methods (2, 4) . Different gases have been suggested as indicators of the t M value (3, (5) (6) (7) (8) (9) . Unfortunately, neon gas, which has the lowest retention time in many stationary phases, does not cause a response in flame ionization detection (FID) (4) . Methane, the only gas that produces a signal in FID, has been reported to be retained in several stationary phases (10) (11) (12) (13) (14) (15) , and its use in measuring the t M value should be done cautiously, especially at temperatures below 70°C (16) . Therefore, several calculation methods for t M values have been proposed (4, 10, 12, (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . Nevertheless, one similar weakness of these methods is that when there is a change in chromatographic conditions (such as carrier gas flow rate or temperature), a series of n-alkane homologues have to be reinjected into the chromatographic column, and a new t M value must be recalculated.
Recently, Krisnangkura et al. (27) described an equation (Equation 1) for the calculation of equivalent chain lengths (ECL) of fatty acid methyl esters (FAMEs):
which is rewritten as Equation 2:
where N is the carbon number, T is the absolute temperature, and a, b, c, and d are thermodynamic parameters.
where β is the phase ratio of the column and ∆ H 0 and ∆ S 0 are the standard molar enthalpy and entropy, respectively. δ H and δS are the increments in enthalpy and entropy, respectively, in relation to carbon number. Equation 1 serves as an alternative method for calculating the ECL without a reference standard. Furthermore, the ECL of a FAME can be converted to its retention index, and vice versa, using the same equation but different numeric constants (28) . These four numeric constants are characteristic for the column and solute. This paper demonstrates the possibility of using Equation 2 to calculate the t M value from n-alkanes and at different temperatures by using data available in the literature (4, 11) .
Experimental Theory
Rewriting (11) , and they were not repeated here. However, these data were converted into the natural logarithm of retention ratio (k') and listed in Table I . The four numeric constants (a, b, c, and d) were determined according to Krisnangkura et al. (27) and are listed in Table I . Thus, the working equation for this column is as follows:
Eq. 9
Analysis of Data from Quintanilla-López et al. constants (a, b, c, and d) are determined according to Krisnangkura et al. (27) and listed in the lower right-hand corner of the tables. The working equations for the PS-255 (packed), CPSIL-5CB (capillary), and HP-5 (capillary) columns are Equations 10, 11, and 12, respectively.
Results and Discussion
To avoid confusion with the t M in the literature, the t M value calculated using Equation 2 is designated as the secondary t M (t MS ). The t MS in Table V 2.84%, for n-heptane at 120°C with a carrier gas flow rate of 40 mL/min. The next highest value was 2.8 s, or 2.78%, for n-nonane at 140°C with a carrier gas flow rate of 40 mL/min. Thus, it might be concluded that Equation 1, which has been used for the calculation of the ECL of FAMEs (27) or Kováts retention index (28) , could be extended to calculate the t MS value from the t R of an n-alkane in the chromatogram. Furthermore, the equation, which has been set up for use with the capillary column, can be extended to the packed column as well. However, the percent difference (2.84%) between t M and t MS in this analysis seemed to be slightly high. It is speculated that the difference would be lower when more t R data are collected for the determination of the numerical constants in Equation 9 . Similar results were obtained when data from QuintanillaLópez et al. (4) were analyzed. Substituting the t M and t R of n-alkanes for the PS-255 (packed column) into Equation 10, the t MS values were obtained and are summarized in Table VI . Most of the t MS values are similar to the retention times of neon gas. The greatest difference between the t M and t MS was 3.6 s, or 2.35%, for n-octane at 120°C. Results in this analysis confirm that Equation 1 can be extended to the packed column as well. Substituting the t M and t R of n-alkanes for the CPSIL-5CB (capillary) and HP-5 (capillary) columns into Equation 11 and 12, the calculated t MS were obtained and are summarized in Table VII  and Table VIII , respectively. Again, t MS values are in good agreement with the retention times of neon gas, which was used for determination of the t M values. The greatest difference between the t M and t MS for the CPSIL-5CB column is 7.3 s, or 3.38%, for n-decane at 90°C, and the greatest difference for the HP-5 column is 5.2 s, or 1.63%, for n-nonane at 60°C. Therefore, it is a very optimistic conclusion that Equation 1, with the specific numeric constants, can be used to estimate the t MS value of each chromatogram from n-alkanes of any carbon number between 5 and 10. However, it should be pointed out that using n-alkanes of lower or higher carbon numbers usually leads to a greater error in the estimation of t MS . The lower accuracy probably arises from the determination of the numeric constants. If the experimental data are increased, it is generally believed that the uncertainty in the results is smaller.
The major burden for this method, from a practical standpoint, is the process in obtaining the four numeric constants for each column. However, it is expected that the manufacturer would take care of this burden in the future by predetermining these four numeric constants for the customer. This would be very possible, because these four numeric constants would be specific for the column during the entire lifetime of the column, unless the chemistry of the liquid phases is changed (e.g., by oxidation or hydrolysis to a smaller molecule) or it is heavily contaminated with nonvolatile samples.
Another interesting point in using Equation 2 for the calculation of the t MS should be mentioned here: the comment of Sharples and Vernon (29) on the method of Peterson and Hirsch (17) . A small error in measurement of retention time would greatly amplify the deviation in the determination of t M . In con- That is, an error of ∆ t/(1 + e x ) will be added. Since e x is always positive, the error will be less than ∆ t. This may also be illustrated by the experimental data of Wainwright et al. (11) or Quintanilla-López et al. (4) . According to the third table of Quintanilla-López et al. (4) , n-pentane at 60°C was eluted out at 232.9 s. The t MS would be 194.8 s, as reported in Table VII . If an error in measurement of retention time of +2 s is introduced, the new t MS will be 196.5 s. That is a change of 1.7 s, which is less than 2 s as originally presumed.
Conclusion
The GC retention times of n-alkanes at different temperatures and dead times are used to set up the numeric values of the four constants of Equation 1. Either the calculated dead time or the retention time of neon gas can be used as the t MS reference. The equation, in turn, can be used to estimate the dead time (secondary, t MS ) of the subsequent chromatogram. The highest difference between t M and t MS for two packed and two capillary columns is 3.38%. Furthermore, error in the measurement of retention time, which tends to amplify the estimated t M in the method of Peterson and Hirsch (17) , is slightly attenuated in this calculation. 
